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Hs percent difference decreases due to the presence of a WEC array (F-2HB shown here).
Left: Average; Middle: South Swell; and Right: Typhoon conditions.
Left: Santa Cruz model domain illustrating locations of WEC arrays (gray = F-OWC; white = F-2HB) and output points.
Modeled Hs (Middle) and modeled MWD (Right; negative = clockwise, positive = counter-clockwise rotation) with and 
without WECs along the 10 m depth contour for F-2HB (blue) and F-OWC (red) devices.
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Introduction
 Wave Energy Converter (WEC) arrays could feasibly number in the hundreds of individual 
devices.
 Offshore WEC arrays have the potential to affect natural nearshore processes.
 Different WEC devices will alter waves differently. 
Objectives
 Use predictive modeling tools to evaluate the impacts of WEC arrays on nearshore processes.
 Investigate effects of different WEC devices on wave propagation.
 Examine wave propagation in the lee of a WEC array over different wave conditions.
 Help accelerate the realization of commercial-scale wave power.
SNL-SWAN Model Set-Up
 Nearshore Monterey Bay and Santa Cruz, California, USA.
 Nested model grids: 
• Coarse grid with 100 m x 100 m grid spacing and fine grid spacing matching WEC size, 26 m and 50 m.
 Stationary model runs, i.e. hydrodynamic conditions at offshore boundaries kept constant.
 Validated with National Oceanic and Atmospheric Administration National Data Buoy Center (NOAA NDBC) data:
• Significant wave height (Hs), peak wave period (Tp), and mean wave direction (MWD).
Device-specific power matrices (Babarit et al., 2012).
Left: Two-body heaving buoy (F-2HB); Right: Oscillating water column (F-OWC)
Left: California, with model domain outlined; Middle: Monterey Bay, CA; Right: Santa Cruz, CA
Black dots indicate model output locations. Diamond pattern denotes WEC array. 40 m depth contour shown
Columbia Power Technologies 
and Oceanlinx WECs
SNL-SWAN Model Input
SNL-SWAN Model
 Modified SWAN (Simulating WAves Nearshore) wave model to incorporate device-specific WEC PTO characteristics.
 Calculates relative capture width (RCW), or ratio of incident wave power to captured wave power.
 The RCW is computed from user-supplied device-specific power matrix or calculated from wave height and period.
 The RCW is returned to SWAN for calculation of the wave energy transmission coefficient for the WEC device.
 The WEC device is simulated as an obstacle in SWAN.
Ocean Power 
Technologies WEC
 NDBC station 46042; period between 1 and 31 October 2009 for 
SNL-SWAN simulations.
 Variety of wave conditions observed including a western Pacific 
typhoon and south swell events.
Mean Minimum Maximum STD
Hs (m) 2.3 0.9 5.6 1.0
Tp (s) 11.2 4.6 19.1 2.8
MWD (deg) 288 161 334 41.6
South 
Swell Typhoon
South 
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Results – Time Series
 Significant wave shadowing by land to the west of the study site for MWD from >270°.
 Wave rotation, when present, was always 9° because of model directional bin spacing.
 Wave height decreases of nearly 15% during southerly wave directions were observed.
 Directional changes of ±9° observed primarily during periods of southerly wave directions.
Results – Case Studies
 Average (Hs = 1.77 m; Tp = 12.9 s; MWD = 288°): Negligible changes in Hs or MWD except easternmost output 
locations. Clockwise rotation of MWD near output numbers 5 and 6 (not shown).
 South Swell (Hs = 1.15 m; Tp = 12.12 s; MWD = 180°): Hs decreases of >30% downstream of WECs. Clockwise 
rotation of MWD to west of WEC array and counter-clockwise rotation to the east of WECs (not shown).
 Typhoon (Hs = 3.54 m; Tp = 7.69 s; MWD = 161°): Hs decreases near 40% directly in lee of WEC array, with focusing 
observed. Negligible changes in MWD during typhoon conditions (not shown).
Babarit, A., J. Hals, M.J. Muliawan, A. Kurniawan, T. Moan, and J. Krokstad, 2012, Numerical benchmarking study of a selection of wave energy converters, Renewable Energy, 41, 44-63.
Future Studies
 Seasonal and extreme wave conditions over entire NDBC station 46042 period of record.
 Full circulation model considering waves, currents, and winds.
 Sediment transport model to simulate potential coastal geomorphological variability in the lee of WEC arrays.
Office of Energy Efficiency & Renewable Energy
With Support From
